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ABSTRACT 


The  David  W.  Taylo'’  Naval  Sh  p Research  and  Development 
Center  undertook  to  experimentally  determine  which  of  two 
proposed  hull  designs  for  the  nuclear-powered,  gu ided-mi ss i le 
strike  cruiser  (CSGN)  exhipited  the  best  seakeeping  character- 
istics. Extensive  seaworthiness  experiments  were  carried  out 
for  the  large  waterplane  version  with  a comprehensive  program 
being  conducted  for  the  conventional  version  as  well.  The 
results  Indicate  the  two  versions  are  similar  with  the  con- 
ventional version  exhibiting  generally  better  seaworthiness 
character i st I cs . 

ADMINISTRATIVE  INFORMATION 

This  work  was  supported  by  the  Naval  Ship  Engineering  Center's  funding 
Work  Request  WR  66372,  dated  10  September  1976  (Work  Unit  Number  1-1568-867). 

INTRODUCTION 

Two  hull  form  desigrfs  have  been  proposed  for  a new  class  of  nuclear- 
powered,  gu Ided-mi ss i 1 e strike  cruisers  (CSGN).  The  two  designs  are  similar 
with  the  most  outstanding  difference  being  that  one,  designated  C 2l».2  or  LWP, 
has  a wide  transom  stern  and  large  waterplane  area,  whereas  the  other, 
designated  C 17.2  or  conventional  hull,  has  a more  conventional  shaped  stern 
and  waterplane  area. 

This  experimental  investigation  was  carried  out  as  part  of  a program 
to  establish  a ship  motion  data  base  for  the  two  candidate  designs.  Previous 
work  conducted  at  the  David  W.  Taylor  Naval  Ship  Research  and  Development 


Center  (DTNSRDC)  has  been  reported  In  References  I and  2.*  The  work  reported  in 
Reference  1 is  a thorough  analytical  invest igat ion,  us i ng  the  DTNSRDC  Ship-Motion 
and  Sea-Load  Computer  Program,  of  the  seaworthiness  characteristics  of  the  two 
hulls  with  comparisons  of  the  two  being  made.  Reference  2 is  also  primarily  an 
analytical  investigation  comparing  the  two  hull  forms;  however,  this  investi- 
gation is  limited  to  the  roll  motion  and  means  of  stabilizing  it. 

The  present  report  presents  the  results  of  the  experimental  seaworthiness 
program  conducted  with  the  two  proposed  hull  designs.  The  two  hulls  were 
<ixper imenta 1 1 y examined  at  various  headings,  speeds  and  irregular  long-crested 
wave  conditions  to  determine  their  comparative  seaworthiness  merits  with  respect 
to  ship  motion,  keel  slamming  and  deck  wetness.  The  results  of  this  compari- 
son will  help  provide  a basis  for  selecting  which  of  the  candidate  hull  forms 
exhibits  better  seakeeping  characteristics. 

MODEL  PARTICULARS 

Ship  particulars  for  both  the  conventional  and  the  large  waterplane 
versions  of  the  CSGN  are  given  in  Table  1 with  the  body  plans  shown  in  Figure 
1.  The  5.07  metre  models  were  previously  constructed  at  Hydronautics  of 
fiberglass  and  are  designated  by  DTNSRDC  model  numbers  900^  (LWP)  and  9005 
(CONV).  Each  of  the  models  was  equipped  with  two  outward  turning  propellers. 

The  models  were  fitted  with  catch  tanks  at  Station  3.5  to  collect  water  over 
the  bow.  The  tanks  contained  25“ga I lons-per-ml nute  pumps  to  remove  the 
collected  water  during  the  run.  The  bows  of  the  models  were  fitted  with  the 
modeled  bulwark  to  simulate  the  design  configuration. 


^Hotter,  L.E.  and  T.R.  Applebee,  "Seaworthiness  Predictions  for  Two  Preliminary 
CSGN  Designs,"  DTNSRDC  Report  SPD-72^»-01  (Sep  1976). 

2 

Foley,  E.W.  and  H.D.  Jones,  "Roll  Stabilization  Investigation  for  the  Strike 
Cruiser  (CSGN),"  DTNSRDC  Report  SP0-72A-02  (Sep  1976). 

*Some  additional  work  concerning  the  above-water  bow  design  of  the  conventional 
hull  was  also  performed  at  DTNSRDC,  but  the  results  were  not  formally  pub- 
1 ished. 
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INSTRUMENTATION 


The  experimental  study  to  determine  the  seaworthiness  characteristic*  of 
the  two  proposed  CSGN  hull  designs  was  carried  out  in  the  Maneuvering  ar»d 
Seakeeping  Facility  (MASK)  at  the  Center.  Throughout  the  experiments  the 
models  were  self-propelled  with  no  rigid  constraints  on  the  motion  responses, 
i.e.,  the  models  were  free  to  move  In  all  six  degrees  of  freedom 

Each  of  the  models  was  powered  by  a 5‘horsepower  d-c  motor  The  model 
speed  was  controlled  manually  throuTh  this  motor  and  was  regulated  in 
accordance  with  the  present  carriage  speed.  Sway  and  yaw  signals  were  used  as 
input  to  the  steering  servo  units,  which  corrected  the  rudder  angle  and  held 
the  model  on  course.  Tethering  lines,  required  for  acceleration  and  decelera- 
tion of  the  model,  along  with  power  cables  and  transducer  signal  cables, 
were  the  only  interconnections  from  the  carriage  to  the  model  While  data  was 
being  recorded,  these  lines  and  cables  were  slack  and  did  not  affect  the  model 
responses . 

Various  types  of  instrumentation  and  transducers  were  used  in  collecting 
data  during  the  experiments.  Angular  measurements,  such  as  pitch,  roil,  and 
yaw,  were  measured  using  gyroscopes  mounted  in  the  models.  Ultrasonic 
transducers  were  used  to  measure  the  linear  displacements  of  heave,  sway,  and 
surge.  Bow  and  stern  vertical  velocities  were  measured  with  accelerometers. 
The  bow  accelerometer  was  located  along  the  longitudinal  centerline  at 
Station  3-  The  stern  accelerometer  was  located  along  the  longitudinal  center- 
line  at  Station  15.  Keel  slamming  pressure  was  measured  by  a strain  gauged 
wafer  type  pressure  gauge  mounted  along  the  longitudinal  centerline  on  the 
keel  at  Station  3<  The  sonar  dome  window  emergences  were  determined  by  video 
coverage  of  the  window  location  (Stat.on  0 ^5  at  the  keel)  during  the  experi- 
ments. This  video  coverage  was  later  analyzed  manually  to  determine  the 
rate  of  sonar  dome  window  emergences.  Video  coverage  of  the  bow  was  also 
analyzed  to  determine  the  rate  of  deck  wetnesses  at  the  bow. 

A catch  tank  was  installed  in  the  bow  of  each  of  the  models  with  its 
opening  from  Station  3 to  Station  3.5  longitudinally  and  from  deck  edge  to 
deck  edge  transversely.  A vertical,  forward  curving  shield  was  Installed 


3 


coincident  with  the  aft  edge  of  the  catch  tank  to  deflect  water  into  the  tank. 
The  tank  also  contained  a 25“gaIlon  per  minute  (model  scale)  pump  to  remove 
the  water  during  the  run  so  as  to  minimize  the  effect  of  the  water  in  the 
tank  on  the  dynamic  characteristics  of  the  model. 

EXPERIMENTAL  PROCEDURE 

The  CSGN  experimental  program  consisted  of  runs  in  long-crested  irregular 
waves  at  various  headings  and  speeds  for  the  models  of  the  two  proposed  hull 
designs  considered.  The  large  waterplane  version  was  investigated  first.  It 
was  examined  at  headings  of  150  (210),  120,  60,  30  and  zero  degrees  for  ship 
speeds  of  10,  20,  and  25  knots  in  long-crested  irregular  waves  approximating 
Sea  States  6 and  7-  Due  to  difficulty  in  controlling  the  model  at  120  degrees, 
data  for  the  two  lower  speeds  at  this  heading  in  Sea  State  7 are  not  presented. 
An  additional  condition  was  examined  for  a heading  of  l80  degrees  (head)  in 
Sea  State  7 at  20  knots  ship  speed.  A similar  investigation  of  conditions 
was  attempted  for  the  conventional  design;  however,  similar  control  problems 
at  120  degrees  as  well  as  time  restrictions  limited  the  number  of  speeds  and 
sea  states  investigated. 

Representative  experimental  spectral  shapes  are  presented  in  Figure  2 for 
headings  in  which  they  were  utilized  along  with  theoretical  P ierson-Moskowi tz 
spectra  for  reference. 

DATA  ANALYSIS 

Throughout  the  experiments  the  model  responses  were  recorded  in  analog 
form  on  magnetic  tape  as  well  as  being  digitized  and  recorded  by  the  on-carriage 
Interdata  computer.  This  digital  data  was  later  grouped  by  condition  and 
spectrum  analyzed  by  an  Interdata  computer  for  presentation  in  this  report. 

The  keel  slamming  data  was  recorded  during  experimentation  on  analog 
magnetic  tape  as  well  as  on  oscillograph  strip  charts.  These  strip  charts 
were  later  analyzed  manually  to  determine  the  magnitude  and  frequency  of  the 
keel  slams  which  occurred. 
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’he  decK  wetness  and  sonar  dome  window  eme'gence  data  were  recorded  by 
means  of  video  coverage  of  the  bow  of  the  models  du: ing  the  experimental  (n- 
vestlgat  or  These  v.dec  'eco-as  we-e  then  analyzed  manually  to  determine  the 
frequency  of  occurrence  of  decK  wetnesses  and  sona.'  dome  w ndow  emergences. 

To  determine  the  catch  tank  results  the  water  was  pumped  f -om  the  tank  during 
a data  run  and  meas«'ed  "'^hese  measured  totals  we'e  como  ned  for  a condition 
to  determine  the  ate  of  water  into  the  catch  tank  as  presented  in  this  neport. 

results  and  discussion 

Tre  results  of  this  experimental  invest  gatlon  compa'e  the  two  proposed 
vers’ons  of  the  CSGN  hull  fo-m  and  are  presented  in  tabula^  form  ,n  Tables  2 
through  5,  as  well  as  being  plotted  as  a funct.on  of  relative  wave  heading  in 
Figures  3 through  ID.  Presented  in  Tables  2 and  3 are  the  root  mean  square 
single  amplitude  motion  results,  i.e  , pitch,  roll,  heave,  vertical  velocity 
at  Station  3,  and  vertical  velocity  at  Station  15,  for  the  large  waterplane 
and  conventional  versions  of  the  CSGN  for  the  headings,  speeds,  and  signifi- 
cant wave  height  investigated.  The  keel  slamming  and  deck  wetness  results  are 
similarly  presented  in  Tables  A and  5 along  with  the  number  of  wave  encounters 
and  time  for  each  of  the  conditions  investigated.  The  results  in  Tables  4 
and  5 are  presented  as  the  average  and  maximum  impact  pressure  on  the  keel  at 
Station  3,  the  number  of  keel  slams  per  hour  at  Station  3,  the  number  of 
emergences  per  hour  for  the  sonar  dome  window  located  at  Station  0.1*5  and  the 
keel,  the  number  of  deck  wetnesses  per  hour  at  the  bow  and  the  amount  of 
water  in  the  catch  tank  at  Station  3 5 per  hour. 

The  graphic  representation  of  the  results  are  presented  in  Figures  3 
through  10  as  a function  of  the  heading  of  the  model  relative  to  the  long- 
crested  Irregular  Sea  States  6 and  7 Investigated  at  10,  20,  and  25  knots 
ship  speed.  Figure  3 presents  the  root  mean  square  pitch  results  Indicating 
that  the  conventional  version  exhibits  generally  less  pitch  motion  with  the 
largest  values  encountered  at  a heading  of  120  degrees  for  each  version  in 
Sea  State  6 and  for  the  large  waterplane  In  Sea  State  7;  however,  the  con- 
ventional version  seems  to  peak  at  150  degrees  in  a Sea  State  7,  although 
the  data  is  more  limited  here.  The  root  mean  square  roll  results  presented 
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in  Figure  ^ again  generally  indicate  the  conventional  hull  form  as  exhibiting 
less  motion  than  the  large  waterplane.  Also  indicated  in  this  figure  is  that 
for  the  large  waterplane  with  GM2  slightly  more  RMS  roll  is  experienced  in 
a Sea  State  6 at  10  knots  than  for  GMl ; while  in  a Sea  State  7 at  25  knots 
considerably  less  roll  is  encountered.  It  should  be  pointed  out  that  due  to 
the  difficulty  encountered  in  obtaining  the  Sea  State  7,  25"knot,  120-degree 
heading  condition  the  results  in  this  case  may  be  misleading.  Presented  in 
Figure  5 are  the  root  mean  square  heave  motion  results  indicating  the  similari- 
ties of  the  two  proposed  hull  forms  with  respect  to  heave.  The  average  impact 
pressures  measured  on  the  keel  at  Station  3 are  presented  in  Figure  6 for  the 
conditions  investigated.  Again,  the  conventional  hull  form  is  generally 
indicated  as  having  preferable  characteristics.  Presented  in  Figure  7 are 
the  experimental  results  for  the  number  of  keel  slams  at  Station  3 per  hour 
with  the  conventional  version  again  generally  indicating  lower  values;  however, 
in  this  case  it  does  experience  a slightly  higher  slamming  rate  for  some  of 
the  conditions  investigated.  The  results  presented  in  Figure  8 generally 
indicate  a preference  for  the  conventional  hull  form  with  respect  to  the  rate 
of  sonar  dome  window  emergences.  The  deck  wetness  rate  presented  in  Figure  9 
generally  indicate  the  two  hull  forms  as  being  similar.  Again,  the  similarity 
of  the  hull  forms  Is  indicated  In  Figure  10  with  respect  to  the  rate  of  water 
flow  into  the  catch  tank;  however,  in  this  case  some  preference  is  indicated 
for  the  large  waterplane  version  of  the  CSGN. 

The  results  of  this  investigation  generally  indicate  that  the  conventional 
hull  form  would  be  preferable  to  the  large  waterplane  version  of  the  CSGN  as 
far  as  the  seaworthiness  characteristics  are  concerned.  This  conclusion, 
however,  is  slightly  different  from  that  in  Reference  I,  especially  with  respect 
to  the  pitch  motion.  In  an  effort  to  explain  this  difference,  a comparison  of 
the  response  amplitude  operators  for  the  pitch  motion  was  made,  with  a repre- 
sentative case  being  presented  in  Figure  li  for  a reiative  heading  of  i20 
degrees  at  a ship  speed  of  20  knots.  It  may  be  seen  here  that  while  the  con- 
ventional version  shows  good  comparison  between  the  experimental  and  the 
analytical  results,  the  analytical  results  for  the  large  waterplane  version 
underpredict  those  determined  experimentally.  Other  conditions  were  also 
compared  with  the  predictions  of  the  DTNSRDC  Ship-Motion  and  Sea-Load  Computer 
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In  head  waves  the 


Prog'am  as  presented  n Rel'e'-ence  1 with  the  same  res-lts 
results  we'e  also  cDit.pared  w*th  YF  17'^  which  showed  good  compa'^ison  with 
exper  mental  results  ^o*  both  vers  ons  of  the  CSGN,  however,  the  p tch  RAO's 
from  Re^e'ence  exh'b  ted  s'mila'  comparisons  to  those  in  F’gu^e  11  The 
diffe  er.ces  in  the  two  ana'ytical  p'ocedures  may  be  ottr  buted  to  the  so-called 
end  effects  as  they  have  been  f nco" po’^ated  In  the  s x-deg’ee-of-f 'eedom 
compute'  program  used  .n  Reference  > but  a-e  not  present  n if  17,  the  head 
seas  program 


conclusions 

The  results  p'esenied  hcein  g,ve  a com^p- ehens i ve  compar-son  of  seaworthi- 
ness cha  acter  ist  Ics  of  the  twO  proposed  CSGN  hull  fo-'ms.  The  results  indicate 
s mi  la' tty  in  the  responses  of  the  two  hull  forms,  w’th  the  conventional 
version  generally  inuict'  ng  sl.gntly  better  seaworthiness  characteristics. 


^Frank,  W and  N.  Salvcsen,  "The  Frank  Close-Fit  Ship-Motion  Computer  Program," 
NSRDC  Report  3289  (June  l?70) 
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TABLE  1 - SHIP  PARTICULARS  FOR  THE  LARGE  WATERPLANE 
AND  CONVENTIONAL  VERSIONS  OF  THE  CSGN 
(Scale  Ratio  ■ ^0) 


LWP 

CONV 

Displacement,  Tonnes  (Long  Tons) 

19.5^1 (19,232) 

19,5'4l(19,232) 

Length  between  Perpendiculars, 
Metres  (Feet) 

203(666) 

203(666) 

Draft,  Metres  (Feet) 

6.86(22.5) 

6.75(22.1) 

Beam,  Metres  (Feet) 

1 

23. 28(76. A) 

Vertical  Center  of  Gravity 

(above  keel).  Metres  (Feet) 

8.60(28.2) 

8.53(28.0) 

Block  Coefficient 

0.53 

0.53 

Longitudinal  Radius  of  Gyration 

0.25  L 

PP 

0.25  L 

PP 

Transverse  Metacentric  Height 
(GMl) , Metres  (Feet) 

3. '♦7(11.  A) 

2.2A(7.35) 

Transverse  Metacentric  Height 
(GM2 ) , Metres  (Feet ) 

2.71  (8.89) 

-- 
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TABLE  2 - ROOT  MEAN  SQUARE  MOTION  RESULTS  FOR  THE 
LARGE  WATERPLANE  VERSION  OF  THE  CSGN 


Head  1 ng 

Hj 

Pitch 

(deg) 

R01 1 
(deg) 

— 

Heave 

(metres. 

Feet) 

Vert  leal 
Velocity  at 
Station  3 
(MPS.FPS) 

Vertical 
Velocity  at 
Station  15 
(MPS.FPS) 

1 GMI 

180* 

20 

9.2,30.2 

1.76 

0.72 

1.5,5. 1 

4.7,15.4 

0.9, 2. 8 

ISO* 

10 

5.3,17.5 

0.95 

1.87 

0.7,2. 2 

2.1,  6.7 

0.4, 1.3 

20 

5.7,18.6 

1.04 

2.02 

0.8,2. 6 

2.9,  9.6 

0.5, 1.5 

25 

5.7,18.8 

0.97 

2.41 

0.8,2. 8 

3.0,10.0 

0.5, 1.6 

10 

10.0,32.9 

1.78 

2.81 

1.5, 5.0 

3.8,12.5 

0.9, 2. 9 

20 

10.1,33.0 

2.02 

2.78 

1.8, 5. 7 

5.14,17.6 

1.0, 3. 3 

25 

10.2,33.5 

1.99 

2.69 

1.9, 6. 3 

5.9,19.5 

1.1, 3. 5 

120" 

10 

5.2,17.1 

1.79 

4.12 

0. 9,2.8 

3.3,10.9 

0.6, 2.0 

20 

5.0,16.14 

1.37 

3.25 

1. 1,3.6 

4.0,13.2 

0.8,2. 5 

25 

5.2,17.1 

1.20 

3.28 

1.3,14.1 

4.4,14.3 

0.9, 2. 9 

1 

25 

8.7,28.6 

2.28 

4.24 

2. 0,6. 5 

5.14,17.8 

1 .2,4.0 

j 60" 

10 

l4.k,\k.k 

0.76 

3.55 

0.7, 2. 2 

1.3.  <4.2 

0.4, 1.4 

1 

20 

14.3,114.2 

0.64 

1.82 

0.5, 1.8 

0.9,  2.9 

0.3, 1.0 

25 

5.1,16.6 

0.73 

1.87 

0.6,1 .9 

0.9,  2.9 

0. 3,0.9 

10 

6.8,22.3 

1.04 

^.55 

1.0, 3. 3 

1.7,  5.6 

0.6, 2.0 

20 

6.4,20.9 

0.87 

2.01 

0.8, 2. 6 

1.2,  4.0 

0.5, 1.5 

25 

6.7,22.1 

2.03 

0.6, 2.0 

0.9,  3.0 

0.4, 1 .2 

30" 

10 

5.5,18.0 

0.72 

1.33 

0.6, 1.8 

1.0,  3.2 

0.3, 1.0 

20 

6.0,19.8 

0.67 

1.08 

0.6, 1.9 

0.8,  2.5 

0.2, 0.8 

25 

5.14,17.6 

0.52 

2.10 

0.5, 1.6 

0.9,  2.9 

0. 1,0.5 

10 

10.6,314.9 

1.23 

1.87 

1.3,14.2 

1.5,  5.0 

0.6, 1.8 

20 

9.2,30.3 

1.08 

1.81 

1.3, 3. 4 

1.0,  3.3 

0.4,1 .3 

25 

7.3.23.8 

0.96 

3.01 

1 .2,4.1 

0.9,  2.8 

0.3,1. 1 

0" 

10 

4.9,16.2 

0.60 

0.48 

0.5, 1.5 

0.7,  2.2 

20 

5.3,17.5 

0.47 

0.36 

0.4, 1.3 

0.4,  1.4 

25 

5.1,16.7 

0.49 

0.58 

0.4, 1.2 

0.3,  1.1 

10 

9.1,29.8 

1.23 

0.60 

1.2, 3. 9 

1.4,  4.4 

20 

9. A, 30. 9 

0.91 

0.71 

1.1, 3. 4 

0.8,  2.7 

25 

9.0,29.6 

0.86 

1.0, 3. 2 

0.7,  2.3 

0.2, 0.8 

GM2 

120* 

25 

8.1,26.4 

1.42 

2.22 

1.2, 3. 9 

4.4,14.5 

0.9. 2. 9 

60" 

10 

5.7,18.7 

0.64 

4.07 

0.5, 1.6 

1.2,  3.8 

0.4, 1.2 
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TABLE  3 - ROOT  MEAN  SQUARE  MOTION  RESULTS  FOR  THE 
CONVENTIONAL  VERSION  OF  THE  CSGN 


TABLE  4 - KEEL  SLAMMING  AND  DECK  WETNESS  RESULTS  FOR  THE 
LARGE  WATERPLANE  VERSION  OF  THE  CSGN 
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TABLE  5 - KEEL  SLAMMING  AND  DECK  WETNESS  RESULTS  FOR  THE 
CONVENTIONAL  VERSION  OF  THE  CSGN 
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Figure  1 - CSCN  Candidate  Hull  Body  Plans 


WAVF  SPECTRA  (metres^  SECONDS) 


WAVD  SPECTRA  (EEET^  ■ SECONDS) 


«f«s  pitch  (oecpfts) 


183  150  120  90  60  30  0 180  150  120  90  60  30  0 


HEADING  (DECREES) 

Figure  3 ■ Root  Mean  Square  Pitch  versus  Relative  Wave  Heading 
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Figure  A ■ Root  Mean  Square  Roll  versus  Relative  Wave  Heading 


/ 

I 

I 


16 


x-s  HEAVE  (hETBES) 


AVtXA&E  PPfS$U»£  ATMOSPMfPfS) 


tA  STATf  (, 


SEA  STATE  7 


Figure  6 - Average  Keel  Impact  Pressure  at  Station  3 
versus  Relative  Wave  Heading 
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StA  STATt  6 


SEA  state  7 


Figure  7 - Station  3 Keel  Slamming  Rate  versus  Relative  Wave  Heading 
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PITCH  RESPONSE  AMPLITUDE  OPERATOR  (DEGREES/FEET)2 


X - 120’ 

V - 20  KNOTS 


0.4  0.6  0.8  1.0  1.2  0.1*  0.6  0.  B 1.0  1.2 

{RADIANS/SECOND) 


Figure  II  - Comparison  of  Experimental  and  Analytical  Pitch 
Response  Amplitude  Operators  as  a Function  of 
the  Frequency  of  Encounter 
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DTNSRDC  ISSUES  THREE  TYPES  OF  REPORTS 


(II  DTNSRDC  REPORTS,  A FORMAL  SERIES  PUBLISHING  INFORMATION  OF 
PERMANENT  TECHNICAL  VALUE,  DESIGNATED  BY  A SERIAL  REPORT  NUMBER 

(2)  DEPARTMENTAL  REPORTS,  A SEMIFORMAL  SERIES,  RECORDING  INFORMA 
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SIGNIFICANCE,  CARRYING  A DEPARTMENTAL  ALPHANUMERIC  IDENTIFICATION 

(3)  TECHNICAL  MEMORANDA,  AN  INFORMAL  SERIES,  USUALLY  INTERNAL 
WORKING  PAPERS  OR  DIRECT  REPORTS  TO  SPONSORS,  NUMBERED  AS  TM  SERIES 
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